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Studies were conducted in the field from 2018-2019 in peanut to optimize weed control
through application methods and herbicide choices. The herbicide studies were established in
Mississippi, Oklahoma, Florida, and Alabama. Across trials, programs that included imazapic
POST improved weed control at 28 days after treatment (DAT). The most effective PRE
herbicides were flumioxazin, diclosulam, and S-metolachlor, while the use of pendimethalin was
less effective. Various nozzles and operating pressures were evaluated for weed control in
peanut. Droplet size was measured for each of the nozzles used at all operating pressures tested
to determine classification. Classification was determined using the ASABE S572.2 standard.
There was no effect on weed control or yield based on nozzle type or application pressure.

DEDICATION
This thesis is dedicated to my family and friends for their love and support throughout
everything, and coffee for keeping me going.

ii

ACKNOWLEDGEMENTS
I would like to acknowledge my advising professor, Dr. J. Connor Ferguson, for all his
advice and guidance through every step of the process. He provided this Midwest girl the
opportunity to learn about and work with a crop that I had very little knowledge about. I want to
thank my committee members Dr. Todd Baughman, Dr. Brendan Zurweller, and Dr. Brett
Rushing for everything they have done to guide and help me the last two school years. I want to
thank Dr. Baughman, Dr. Devkota, and Dr. Li for replicating the active ingredient study. Finally,
I want to thank my fellow graduate students Pedro Ferreira, Luke Merritt, Michael Wesley,
Zachary Treadway, and Justin Calhoun that helped with every step of the way from planting to
harvest.

iii

TABLE OF CONTENTS
DEDICATION ................................................................................................................................ ii
ACKNOWLEDGEMENTS ........................................................................................................... iii
LIST OF TABLES ......................................................................................................................... vi
LIST OF FIGURES .........................................................................................................................9
I.

INTRODUCTION .............................................................................................................1
Peanuts ...............................................................................................................................1
Weed Species.....................................................................................................................2
Modes of Action ................................................................................................................4
Application Effects ............................................................................................................7

II.

PRE AND POST-EMERGENT HERBICIDE COMBINATIONS EFFECT ON WEED
CONTROL IN PEANUT ................................................................................................10
Abstract............................................................................................................................10
Introduction .....................................................................................................................11
Materials and Methods ....................................................................................................14
2018 .......................................................................................................................15
2019 .......................................................................................................................17
Results and Discussion ....................................................................................................22
Mississippi .................................................................................................................22
Oklahoma ..................................................................................................................24
Florida .......................................................................................................................25
Alabama .....................................................................................................................26
Conclusion .......................................................................................................................43

III.

USING VARIOUS NOZZLES, ADJUVANTS, AND PRESSURES TO COMPARE
WEED CONTROL WITH A BASIC WEED CONTROL PROGRAM ........................45
Abstract............................................................................................................................45
Introduction .....................................................................................................................46
Materials and Methods ....................................................................................................48
2018 .......................................................................................................................48
2019 .......................................................................................................................50
Results and Discussion ....................................................................................................51
iv

Conclusion .......................................................................................................................59
IV.

MEASURING THE COVERAGE AND DROPLET DENSITY OF NOZZLES USED
IN THE TRACTOR TRIAL ...........................................................................................60
Abstract............................................................................................................................60
Introduction .....................................................................................................................60
Materials and Methods ....................................................................................................61
Spray Card Study .......................................................................................................61
Laser Imaging Study..................................................................................................62
Results and Discussion ....................................................................................................63
Spray Card Study .......................................................................................................63
Laser Imaging Study..................................................................................................65
Conclusion .......................................................................................................................69

LITERATURE CITED ..................................................................................................................71

v

LIST OF TABLES
Table 2.1

Herbicide application timings for studies investigating herbicide programs in
2018 in Starkville, MS and Fort Cobb, OK. ...............................................................19

Table 2.2

Herbicide application timings for studies investigating herbicide programs in
2019 in Newton, MS; Fort Cobb, OK; Jay, FL; and Shorter, AL. .............................20

Table 2.3

a

Table 2.4

a

Table 2.5

a

Table 2.6

ANOVA table for weed control rating 28 DAT for a study comparing
herbicide programs in peanut at Starkville, MS in 2018. ...........................................27

Table 2.7

a

Table 2.8

ANOVA table for weed control 28 DAT in Fort Cobb, OK in 2018
comparing PRE by POST combination. .....................................................................29

Table 2.9

a

Table 2.10

a

List of treatments for studies investigating herbicide programs in 2019 in
Starkville, MS and Fort Cobb, OK. ............................................................................20
List of treatments for studies investigating herbicide programs in 2019 in
Newton, MS; Fort Cobb, OK; Jay, FL; and Shorter, AL. ..........................................21
Weed control response to PRE herbicides in peanut at Starkville, MS site in
2018 at 28 DAT for a study investigating season long herbicide programs. .............27

Weed control response 28 DAT for study investigating season long
herbicide programs in peanut in 2018 at Fort Cobb, OK ...........................................28

Yield response to a study at Fort Cobb, OK observing effects of season long
herbicide programs in peanut in 2018, comparing by PRE ........................................29
Yield response to a study at Fort Cobb, OK observing effects of season long
herbicide programs in peanut in 2018, comparing yields by POST. ..........................30

Table 2.11 ANOVA table for a study in Fort Cobb, OK in 2018 comparing PRE by
POST combination. ....................................................................................................30
Table 2.12 Results of weed control ratings 28 days after POST for the season long
herbicide program study in 2019 at Newton, MS; Fort Cobb, OK; and Jay,
FL. ..............................................................................................................................31
vi

Table 2.13 ANOVA table for Newton, MS in 2019 on weed control 28 DAT comparing
PRE by POST combination. .......................................................................................36
Table 2.14

a

ANOVA table for Fort Cobb, OK in 2019 on weed control 28 DAT
comparing PRE by POST combination. .....................................................................36

Table 2.15 ANOVA table for Jay, FL weed control 28 DAT in 2019 comparing PRE by
POST combination. ....................................................................................................37
Table 2.16 aYield from study investigating effect of season long herbicide programs in
peanut at Newton, MS in 2019 comparing average yield by POST
combinations across all PRE herbicides. ....................................................................37
Table 2.17 ANOVA table for yield of study comparing season long herbicide programs
in peanut at Newton, MS in 2019. ..............................................................................38
Table 2.18 aYield from study investigating effect of season long herbicide programs in
peanut at Fort Cobb, OK in 2019 comparing average yield by PRE herbicide
across all POST combinations. ...................................................................................38
Table 2.19 aYield from study investigating effect of season long herbicide programs in
peanut at Fort Cobb, OK in 2019 comparing average yield by POST
combinations across all PRE herbicides .....................................................................39
Table 2.20 ANOVA table for yield of study comparing season long herbicide programs
in peanut at Fort Cobb, OK in 2019. ..........................................................................39
Table 2.21

a

Yield from study observing effects of season long herbicide programs in
peanut at Jay, FL in 2019 comparing average yield by POST combinations
across all PRE herbicides. ..........................................................................................40

Table 2.22 ANOVA table for yield of study comparing season long herbicide programs
in peanut at Jay, FL in 2019. ......................................................................................40
Table 2.23

a

Table 2.24

a

Results of weed control ratings 21 days after POST for the season long
herbicide program study in 2019 at Shorter, AL averaging the PREs across
all POST combinations. ..............................................................................................41
Results of weed control ratings 21 days after POST for the season long
herbicide program study in 2019 at Shorter, AL averaging the POST
combinations across all PREs. ....................................................................................41

Table 2.25 ANOVA table for weed control 21 DAT of study investigating season long
herbicide programs in peanut in 2019 at Shorter, AL. ...............................................42
vii

Table 3.1

Herbicide program for application method study at Starkville, MS in 2018. ............49

Table 3.2

Herbicide program for application method study at Newton, MS in 2019 ................51

Table 3.3

a

Table 3.4

ANOVA table for yield results of study conducted in 2018 at Starkville, MS
observing effects nozzle type, operating pressure, and non-required adjuvants
on the application of a season long herbicide program. .............................................56

Table 3.5

a

Table 3.6

ANOVA for yield of a study conducted at Newton, MS in 2019 to determine
effects of nozzle type and application pressure for season long herbicide
program.......................................................................................................................58

Table 4.1

Response to spray coverage analysis from Kromekote card study in 2018 at
Starkville, MS. ............................................................................................................64

Table 4.2

Classification of each nozzle at each pressure from application method study
in Newton, MS in 2019 based on laser analysis at Starkville, MS and
classification from ASABE S572.2 Standard.............................................................68

ANOVA table for weed control 28 DAT for study investigating effects of
application pressure, nozzle type, and use of non-required adjuvants on weed
control in peanut at Starkville, MS in 2018................................................................54

ANOVA table for weed control at 28 DAT from 2019 application method
study in Newton, MS. .................................................................................................57

viii

LIST OF FIGURES
Figure 2.1

a

Figure 3.1

a

Figure 3.2

a

Figure 3.3

a

Figure 3.4

a

Figure 4.1

a

28 DAT Weed control at Newton, MS 2019. ............................................................43

Weed control 28 DATb from a study investigating the effects of application
methods based on operating pressures, nozzle types, and use of adjuvants at
Starkville, MS in 2018................................................................................................53
Yield results from a study conducted in 2018 at Starkville, MS to determine
the effects of application methods of different nozzle types at different
application pressures and the use of non-required adjuvants. ....................................55
Weed control ratings 28 DATb from a study conducted in 2019 at Newton,
MS to determine the effects of nozzle type and application pressure on weed
control from a season long herbicide program. ..........................................................57
Yield from a study conducted in 2019 at Newton, MS to determine the
effects of nozzle type and application pressure on weed control from a season
long herbicide program...............................................................................................58
Kromekote® cards sprayed with blue dye solution. ..................................................65

Figure 4.2 Single inlet vs. Twin inlets. ........................................................................................66
Figure 4.3

a

Droplet sizes from reference nozzles analyzed in 2019 at Starkville, MS
based on ASABE S572.2 Standard ............................................................................67

9

CHAPTER I
INTRODUCTION
Peanuts
Peanut (Arachis hypogaea L.) is an important cash crop for the United States (U.S.)
(Chaudhari et al., 2018; Putman et al., 1991). There are thirteen states that produce peanuts in
the U.S., planting about 577,000 hectares of peanuts in 2019 (USDA NASS, 2019; Anonymous,
2018a). Mississippi is ranked seventh out of thirteen in the U.S. for peanut production.
Mississippi typically ranks seventh in U.S. peanut production with 9,716 hectares harvested in
the 2018 growing season (USDA NASS, 2019). Out of the four peanut market types of valencia,
spanish, virginia, and runner, the runner type peanuts are the most common type planted in
Mississippi (Gipson, 2018 and USDA-NASS, 2019). This type is part of the hypogaea subspecies, which are known for having two-celled pods, this includes runner and virginia types. As
a legume they are capable of nitrogen fixation, which makes it a valuable rotational crop for
plants like corn (Zea mays) and cotton, (Gossypium hirsutum) which are commonly grown in the
southeastern region of the U.S. (Jordan et al., 2009a). Unlike other legumes, peanut fruiting
structures grow underground, with a slow prostrate vegetative growth pattern (Putman et al.,
1991). Peanuts are planted from the end of April through May, when soil temperatures reach
between 18-21 oC (Anonymous, 2018a). Most of the runner market types grown in the U.S. have
a growth period of 140-160 days, depending on the region (Grichar et al., 2005).
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Weed control is a significant cost for growers, which includes both chemical and labor
costs (Zhu et al., 2004). Depending on the region, herbicide cost can be anywhere between
$123.50 to $160.50 per hectare a season, and labor costs average $24.00 per hectare (Smith and
Rabinowitz, 2017). This cost makes it imperative to make applications in a timely manner, and to
achieve effective weed control. The most common application timings of herbicides in peanuts
are preemergence (PRE), early postemergence (POST), and mid to late POST. The time of the
early POST applications often occur at the VE, or emergence stage, which is commonly referred
to as “cracking” (Boote, 1982). There are fewer hectares of peanuts compared to other row crops,
and are reliant on secondary labeling, which can take a greater length of time for product
approval (Eure et al., 2015). This can make it difficult to control weeds in regions where
herbicide resistance is prevalent.
Weed Species
Grasses and sedges are hard to control in peanuts There are fewer herbicide choices
available making these weeds more problematic. Data has shown that it is critical to remove
grasses at 4.3 weeks after planting to prevent yield loss (Everman et al., 2008). Broadleaf
signalgrass (Urochloa platyphylla) is a common problematic weed in the southern region of the
U.S., and often requires multiple herbicide applications throughout the growing season for
control (Alford et al., 2005). Broadleaf signalgrass is listed in the top ten most troublesome
weeds in peanuts for the southern states (Webster, 2013). Data shows that it takes fewer than
four broadleaf signalgrass plants for every tenth of a meter to reduce peanut yield (Burke et al.,
2003). Texas millet (Urochloa texana), previously known as Texas panicum (Panicum texanum),
is another problematic weed in peanuts. This weed has been shown to interfere with nutrient
uptake, as well as effect harvestability due to the root system of this grass becoming entangled
2

with the fruiting structure of peanuts (Grichar, 1991). Texas millet is listed as a top troublesome
weed of the southern region (Webster, 2013). Yellow nutsedge (Cyperus esculentus) is another
troublesome weed in peanut (Webster, 2013). Yellow nutsedge can reduce peanut yields by
approximately 25 percent, and for each nutsedge plant m-2 yields are reduced 13 kg ha-1 (Johnson
and Mullinix, 2003). Sedges have flourished due to limited control from herbicides (Dotray et
al., 2001; Grichar et al., 2008).
Eclipta (Eclipta prostrata) is an annual weed of the Asteraceae family that is mostly
distributed in the southern and eastern areas of the United States (Altom et al., 1995). Eclipta can
grow both prostrate and erect, at a quicker rate than peanuts. This makes it easier for it to fill the
interspace of crop rows, and to shade out plants like peanuts. Eclipta can reach heights of thirtysix inches (Prostko, 2012a). This is a competitive spreading weed that can infest a field, and
greatly reduce peanut yields (Grichar and Colburn, 1996a). Eclipta prefers wet, poorly drained
soils, and infestations are often observed after heavy rains (Grichar and Colburn, 1996b). Wild
poinsettia (Euphorbia heterophylla) is a broadleaf weed and is considered the eighth most
troublesome weed in peanut, and sixteenth in all crops in Georgia (Prostko, 2012b). Wild
poinsettia must be controlled in peanuts for the first eight to ten weeks after emergence to
prevent yield loss (Wilcut et al., 1995). Amaranthus spp., including palmer amaranth
(Amaranthus palmerii) and tall waterhemp (Amaranthus tuberculatus), are common weeds in
peanuts. Amaranthus spp. are listed among the 10 most common weeds in most peanut-growing
states in the U.S. (Grichar et al., 2005). This weed family has shown to result in a significant
yield decrease in peanuts. Palmer amaranth has a critical period, a timing during the growing
season that weed need to be controlled to prevent yield loss from competition, to be controlled to
prevent yield loss and the spread of resistant populations (Burke et al., 2007).
3

Modes of Action
The development of herbicide-resistant weed populations is increasing. Therefore, it is
important to use multiple herbicide sites of action with each application (Altom et al., 1995).
Multiple effective preemergence (PRE) and properly timed postemergence (POST) herbicides
with appropriate application technologies are crucial to sustained weed control in peanut
production. Peanut herbicide programs often work in a three-pass system with PRE, early POST
(cracking), and mid to late POST applications (Burke et al., 2002; Chaudhari et al, 2018).
Cracking takes place right after peanut emergence in the early vegetation stages between
hypocotyl emergence and first true leaves (Boote, 1982). Weeds will survive and compete with
the crop, and yield may be compromised if not well controlled (Cardina et al., 1987). Weed
control is a significant cost for producers, which includes both chemical and labor costs (Zhu et
al., 2004). Not only do weeds interfere and compete with peanuts for nutrients, light, and water,
they also interfere with the digging and harvesting of the crop, which adds extra cost to the
producer. With the slow prostrate growth pattern of peanuts, it takes several weeks to reach full
canopy, thus allowing weeds ample time to grow above the canopy and interfere with crop
growth (Chaudhari et al., 2018; Grichar et al., 2005; Wilcut et al., 1995). A crucial part of
production is maintaining weed-free fields (Everman et al., 2008a).
Herbicides from the chloroacetamide family, very long-chain fatty acid inhibitors, are
commonly used in peanut production. These herbicides are known as seedling shoot growth
inhibitors, as they affect the fatty acids that help with maintaining cell walls and cell division
(Heap, 2020). Soil applied herbicides, like S-metolachlor and acetochlor, are used in
preemergence applications to control small seeded broadleaves, grasses, and sedges (Grichar et
al., 2008; Böger et al., 2000; Grichar et al., 1996). Protoporphyrinogen oxidase inhibitors, like
4

flumioxazin, are common soil applied herbicides used by producers (Clewis et al., 2007). These
herbicides are known for controlling eclipta (Eclipta prostrata), amaranths (Amaranthus spp.),
and morningglories (Ipomoea spp.) (Clewis et al., 2007; Clewis et al. 2002; Wilcut et al., 2001;
Askew et al., 1999; Dayan et al., 1997; Grichar and Colburn, 1996; Duke et al., 1991).
Diclosulam is a triazolopyrimidine sulfonanilide, developed for use in peanut and soybean,
which exhibits strong residual control of broadleaves when applied to soil prior to peanut
emergence. Diclosulam has shown to increase the control of nutsedges (Cyperus spp.) (Price et
al., 2002; Clewis et al., 2007; Grichar et al., 2008). Pendimethalin is a dinitroaniline herbicide, it
stops the formation of microtubules. This interrupts cell division, stopping seedling growth. It is
immobile in the soil, which means contact is required for it to be active on target species.
Herbicide resistance has been shown in species like goosegrass, johnson grass, and Palmer
amaranth (Amaranthus palmerii) (Ahrens, 1994; Heap, 2020).
Paraquat is a commonly used herbicide in peanut, due to peanut tolerance to the herbicide
before pegging and fruit development (Grichar, 1998). Paraquat is a light activated non-selective
herbicide from the bipyridylium family, that breaks down cell membranes (Heap, 2020). The
timing for application of paraquat is within 28 days after crop emergence often referred to as atcrack (Anonymous, 2016). Paraquat is a contact herbicide and is often tank mixed with other
herbicides that provides residual activity for control of weeds yet to emerge. Residual herbicides
like S-metolachlor and pyroxasulfone, very long chain fatty acid inhibitors, are commonly used
at-cracking with paraquat in peanut. Residual activity from the herbicide helps to control
emerging weeds. Bentazon is a common addition for tank mixes including paraquat, due to its
ability to reduce peanut injury (Tubbs et al., 2010). Bentazon affects the photosystem II pathway,
by inhibiting electron transport (Heap, 2020). Bentazon is labeled to control broadleaf weeds and
5

sedges. This herbicide is also a non-systemic herbicide, like paraquat (Anonymous, 2010).
Acifluorfen is commonly mixed with paraquat and bentazon. Products, like Storm®, have
bentazon pre-mixed with acifluorfen (Anonymous, 2014b). Acifluorfen is a protoporphyrinogen
oxidase inhibitor, that controls many broadleaf species POST (Anonymous, 2012).
Late POST applications in peanut regularly include 2,4-DB. It is often tank mixed with
other POST labeled herbicides to increase the range of weeds controlled (Ketchersid et al, 1978;
Wilcut et al., 1995; Jordan, 1999; Baughman et al., 2002; Jordan et al., 2009b). There are a
limited number of herbicides registered for postemergence use in peanut. In 2010, there were
only twelve active ingredients registered (Faircloth and Prostko, 2010). The use of 2,4-DB in
peanuts has occurred for decades, to control cocklebur (Xanthium strumarium) and morningglory
(Ipomoea spp.) (Ketchersid et al, 1978; Baughman et al., 2002). Phenoxy herbicides are
generally toxic to broadleaf crops. However, 2,4-DB can be applied over-the-top to legumes, as
the butyric acid side chain is not converted to acetic acid (Ketchersid et al., 1978; Baughman et
al., 2002). Of the registered herbicides imazapic is a common active ingredient applied POST in
peanut (Jordan, 1999; Faircloth and Prostko, 2010). Imazapic is a systemic acetolactate synthesis
inhibitor (Heap, 2020). This herbicide is used to increase the control of sedges, grasses, and
some small seeded-broadleaves (Jordan, 1999). Other common POST herbicides used in peanut
production include S-metolachlor and acifluorfen (Grichar et al., 2008; Jordan et al., 2009b). Smetolachlor is used in peanuts for control of small-seeded broadleaves, sedges, and annual
grasses. Results have reported that less crop injury occurs when this active ingredient is applied
POST, rather than PRE (Grichar et al., 2009). Acifluorfen is another common tank mix partner
with 2,4-DB in peanut, to assist in the control of eclipta, common ragweed (Ambrosia
artemisiifolia), and other broadleaf weeds (Jordan et al., 2009b). Clethodim is a postemergence
6

herbicide that controls grasses. Clethodim is a lipid synthesis inhibitor that inhibits the
production of the acetyl Coenzyme A carboxylase, which is needed for fatty acid synthesis
(Anonymous, 2015b; Heap, 2020).
Application Effects
There are multiple herbicides and application methods available to growers. The
advances in technologies in recent years have changed the way growers produce crops and
manage fields. The technologies have also affected the nozzles we use in herbicide applications,
especially in recent years with the rising issues of herbicide drift. Recent drift complaints have
encouraged the use of nozzles that are considered drift reducing, which typically include airinduction nozzles (Dorr et al., 2013; Ferguson et al., 2018). Air-induction nozzles use the
Venturi process to incorporate air particles into the spray droplets, thereby increasing droplet
size. These nozzles also typically contain a pre-orifice chamber, where the flow is restricted and
the inner pressure of the nozzle is dropped, increasing droplet size (Ferguson et al., 2018). This is
beneficial when operating at higher pressures (Sikkema et al., 2008). The droplet size produced
by a nozzle has been shown to affect herbicide efficacy and the weeds that are controlled
(Mckinlay et al., 1974; Ramsdale and Messersmith, 2001; Carter et al., 2017). Research indicates
that finer droplets improve efficacy with contact herbicides, and that larger droplets reduced
grass control (Etheridge et al., 2001; Carter et al., 2017). However, when treatments included
multiple active ingredients, nozzle type did not affect weed control (Carter et al., 2017). Growers
must have an effective weed management program that consists of proper application strategies
and technologies, which includes, but is not limited to, nozzle selection to insure proper coverage
of the target. Flat fan nozzles produce relatively small droplets that are evenly distributed on leaf
surfaces (coverage), but small droplets are the most prone to move off-target (Hewitt, 1997). In
7

recent years, there have been many nozzle designs created in order to produce coarse spray
droplets that also maintain adequate coverage of the target (Sikkema et al., 2008). This has led to
new developments in dual fan air-induction nozzles for adequate spray coverage and precise
application. Research has shown that there is similar and improved coverage with dual fan
nozzles in comparison to single fan nozzles (Ferguson et al., 2016). In terms of grass control,
dual fan nozzles have resulted in similar herbicide efficacy to single fan nozzles (Derksen et al.,
2008; Hanna et al., 2009; Ozkan et al., 2012; Ferguson et al., 2018). These dual fan nozzles can
have either a symmetrical or an asymmetrical fan design. The recommended orientation for an
asymmetrical fan nozzle is to alternate them along the boom, which leads to four different spray
patterns during the application, to provide more potential coverage (Anonymous, 2020).
Coverage is affected by nozzle choice and the operating pressure used during application, and
directly influences the efficacy of herbicides (Carter et al., 2017). Peanuts produce a dense
canopy of leaves, and it is important to penetrate the canopy to provide adequate coverage of the
target weeds (Zhu et al., 2004). This makes nozzle and application pressure selection an
important decision for producers. Operating pressures as well as nozzle type, affect the droplet
size. Nozzle type and spray droplet size are directly related to herbicide efficacy, with generally
finer droplets needed for contact herbicides (Carter et al., 2017). Agricultural nozzles range in
droplet size from 10 to 1000µm, and droplets with the greatest drift potential are those under
150µm (Byass and Lake, 1977; Creech et al., 2015). Larger droplets are often produced by
decreasing application pressure. Newer nozzles have recently been developed to produce larger
droplets without changing flow rate and/or operating pressure, as a result of the increasing
concern for application drift (Ramsdale and Messersmith, 2001; Zhu et al., 2004; Carter et al.,
2017).
8

The purpose of this study is to investigate the most effective herbicide program with
optimal application technologies and techniques that results in the greatest economic return on
investment for peanut producers in Mississippi. This includes the evaluation of different season
long herbicide programs, nozzle selection, operating pressure, and ultimately, peanut yield. The
results of this study can be used by growers to make consistently effective herbicide applications
while maintaining the greatest level of profitability. Uncontrolled weeds are a yield limiting
factor in peanut production (Everman et al., 2008b), and can greatly reduce yield.
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CHAPTER II
PRE AND POST-EMERGENT HERBICIDE COMBINATIONS EFFECT ON WEED
CONTROL IN PEANUT
Abstract
In the United States, there were 550,000 hectares planted with peanut in 2019 (USDA
NASS, 2019). Weed control in peanuts is crucial to maximize yield, by preventing interference
and competition for nutrients, water, and light. Peanuts are a slow growing crop that relies on
both preemergence (PRE) and postemergence (POST) herbicides to reduce the effect of weeds
(Berger et al., 2014; Clewis et al., 2007; Grichar et al., 2005; Cardina et al., 1987). The objective
of this study is to determine the most effective herbicide program for weed control in peanut.
Field studies were conducted in six different locations over two years. The first year included a
study conducted in Mississippi and Oklahoma using five PRE and three POST herbicide
programs. The second year, field studies were conducted in Mississippi, Oklahoma, Florida, and
Alabama using five PRE, two early POST (at-cracking), and two late POST herbicide programs.
Both years, the programs were compared to a non-treated and weed-free treatments to determine
the effect of a season-long herbicide program on weed control and peanut yield. Our data shows
(data never hows anything) Across all locations the best PRE herbicides were S-metolachlor,
diclosulam, and flumioxazin, and the best at-cracking and late-POST combination were paraquat
plus pyroxasulfone plus bentazon followed by 2,4-DB plus imazapic.
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Introduction
The occurrence of herbicide resistant weeds is increasing, making it difficult to control
weeds within row crop situations (Carter et al., 2017). Effective weed management programs are
necessary for maximizing yields (Jordan et al., 2009). With increasing cases of resistance, it is
imperative to use more than one mode of action and to find the herbicides that are most effective
in controlling weeds while providing the best return on investment for the grower. Peanuts have
a slow prostrate growth pattern, leading to a slow shading of the row middles. Given that peanuts
have a long growing season (140 to 160 days), weeds that are fast growing can shade and outgrow the peanut canopy (Grichar et al., 2005). Multiple studies have indicated that it takes
multiple herbicide applications to control weeds in peanut (Clewis et al., 2007, Grichar et al.,
2005, Cardina et al., 1987). This means that both preemergence (PRE) and postemergence
(POST) herbicides are required for effective weed control in peanut.
Commonly used PRE herbicides include S-metolachlor, flumioxazin, diclosulam,
acetolchlor, dimethanimid-P, and pendimethalin. S-metolachlor, acetolchlor, and dimethanimid-P
are all chloroacetamide very long-chain fatty acid inhibiting herbicides. These herbicides are
known as seedling shoot growth inhibitors, that affect the fatty acids that help with maintaining
cell walls and cell division (Heap, 2020). Chloroacetamide herbicides are soil applied and often
cause stunted and discolored seedlings, or may prevent emergence (Böger et al., 2000). Smetolachlor is commonly used in peanut for grass and sedge control, as well as for control of
some small seeded broadleaves (Grichar et al., 1996; 2008). Acetochlor is a newer herbicide for
peanut production, as the approval of use occurred in 2014 (Grichar et al., 2015). The most
common acetochlor herbicide, Warrant®, is a microencapsulated formulation that limits crop
injury and requires minimal moisture to activate in the field (Grichar et al., 2015; Anonymous,
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2010). Studies have found that the use of acetochlor in the microencapsulated form did not injure
peanuts, when used as a PRE herbicide (Grichar et al., 2015). Flumioxazin is a soil applied
protoporphyrinogen oxidase inhibitor (Clewis et al., 2007). Flumioxazin has been shown to
increase control of eclipta (Eclipta prostrata), however it does not control yellow nutsedge
(Cyperus esculentus) and annual grasses (Clewis et al., 2002; 2007; Wilcut et al., 2001; Askew et
al., 1999; Dayan et al., 1997; Grichar and Colburn, 1996; Duke et al., 1991). Diclosulam is an
amino acid synthesis inhibitor, that was developed for use in peanut and soybean. This herbicide
is known for effective residual control of broadleaves but is not an effective herbicide for grass
control (Grichar et al., 2008; Clewis et al., 2007; Anonymous, 2017c). Grass weeds are a yield
limiting factor, due to interference at harvest and competition throughout the growing season
which reduces yield by more than 20 percent, meaning that grass weeds must be controlled at the
start of the growing season (Everman et al., 2008).
Weed control in peanut is reliant on the use of POST herbicides (Berger et al., 2014).
Peanut herbicide programs often work in a three-pass system with PRE, early POST, and mid to
late POST applications. The early POST timing is commonly referred to as ground cracking, as it
takes place right after peanut emergence in the early vegetation stages between hypocotyl
emergence and first true leaves (Boote, 1982) when the crop breaks through the soil surface by
“cracking” it. The early POST applications used paraquat, basagran, acifluorfen, and
pyroxasulfone. Paraquat is a commonly used herbicide in peanut, due to their tolerance to the
herbicide, and is labeled for use within 28 days of peanut emergence (Wilcut et al., 1995;
Grichar, 1998; Senseman, 2007; Carley et al., 2009). Paraquat is a non-selective herbicide from
the bipyridylium family, that breaks down cell membranes (Heap, 2020). Bentazon is a common
addition to application of paraquat, due to its ability to reduce injury from phytotoxicity (Wehtje
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et al., 1992; Tubbs et al., 2010). Bentazon affects the photosystem II pathway, by inhibiting
electron transport (Heap, 2020). This herbicide is also a non-systemic herbicide, like paraquat.
Paraquat offers no residual or soil activity for weed control and is often mixed with herbicides
that do (Wehtje, et al., 1991). Pyroxasulfone is an isoxazoline, very long chain fatty acid
inhibitor, that is known for residual control of small-seeded broadleaves and grasses (Eure et al.,
2015; Heap, 2020). Acifluorfen is commonly used in peanuts, with multiple POST herbicides, to
control eclipta (Jordan, 2007; Jordan et al., 2009). Acifluorfen has been shown to improve weed
control when weeds exceed recommended size for application (Jordan, 2007; Jordan et al.,
2009).
In 2010 there were only twelve active ingredients labeled for POST applications in
peanut (Faircloth and Prostko, 2010). Often late POST applications in peanut include 2,4-DB,
which has been labeled for use in peanuts for decades (Ketchersid et al., 1978; Baughman et al.,
2002; Jordan et al., 2009). Phenoxy herbicides are generally toxic to broadleaf crops, like
peanuts. However, 2,4-DB can be applied in legumes, as the butyric acid side chain is not
converted to acetic acid (Ketchersid et al., 1978; Baughman et al., 2002). Of the registered
herbicides imazapic, a systemic acetolactate synthesis inhibitor, is a common active ingredient
applied POST in peanut (Jordan, 1999; Faircloth and Prostko, 2010; Heap, 2020). Imazapic
increases the control of sedges, grasses, and some small seeded-broadleaves (Jordan, 1999).
Other common POST herbicides used in peanut production include S-metolachlor and
acifluorfen (Grichar et al., 2008; Jordan et al., 2009b). Acifluorfen, is a common tank mixture
herbicide in peanuts to control eclipta and common ragweed. It works with a variety of POST
herbicides, most commonly 2,4-DB (Jordan, 2007; Jordan et al., 2009). S-metolachlor is used in
peanuts for control of small-seeded broadleaves, sedges, and annual grasses. Study results have
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reported that less crop injury occurs when this active ingredient is applied POST, rather than
PRE (Grichar et al., 2009).
With the limited options of herbicide available to growers, it is important to develop the
most effective weed control program to reduce yield losses due to weed interference. The
research conducted, started with a two-pass system and built up to a three-pass herbicide
program, based on the results of weed control from the two-pass program. The objective of this
study was to determine if season long programs affect weed control and peanut yield. Field
studies were conducted in multiple locations in the peanut growing region, with 1400 kilometers
from the site in Oklahoma to the location in Alabama, to observe how results change based on
growing environment.
Materials and Methods
Between the growing seasons of 2018 and 2019 a field study was conducted in six sites.
For 2018, a field study was conducted in two sites at the Mississippi State University, RR Foil
Plant Science Research Center near Starkville, Mississippi (MS) and the Oklahoma State
University, Caddo Research Station near Fort Cobb, Oklahoma (OK). For 2019, a field study
was conducted at four sites including the Mississippi State University, Coastal Plains Research
Station near Newton, MS, the Oklahoma State University, Caddo Research Station near Fort
Cobb, OK, University of Florida, Jay Research Station near Jay, Florida (FL), and Auburn
University, E.V. Smith Research Center, near Shorter, Alabama (AL). This study was established
to determine the most efficient PRE and POST combination of herbicides for overall weed
control in peanut.
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2018
A field study was conducted in two sites for 2018 at the Mississippi State University, RR
Foil Plant Science Research Center near Starkville, Mississippi and the Oklahoma State
University, Caddo Research Station near Fort Cobb, Oklahoma. This study observed a two-pass
herbicide program to determine the most efficient PRE and POST combination of herbicides for
overall weed control in peanuts. There were five PREs and three POST options. The study also
included an untreated control and a weed-free control, to make seventeen treatments. The weedfree control was kept weed free for the duration of the study through both herbicide application
and manual weed removal. Treatments were arranged in a randomized complete block design
with four replications. Plots in Starkville were planted on bedded rows at 96.5 cm spacing, with
four rows per plot which resulted in plots of 3 x 9 meters. Fort Cobb plots were planted in flat
rows at 96.5 cm spacing with 2 rows per plot which resulted in plots of 2 x 9 meters. Starkville,
plots were planted May 22, 2018 with ‘Georgia 06G’ (Alabama Crop Improvement Association,
Headland, AL), a runner variety while at OK the plots were planted May 8, 2018 with ‘Florida
Fancy’, a Virginia-type variety (Table 2.1). Seeding rates at both locations were 20 seeds per
meter. The variety Georgia 06G are high yielding, large seeded, runner-type peanut
(Anonymous, 2018a). This peanut variety is known for its disease tolerance, and medium
maturity. The variety Florida Fancy is known as a medium maturity peanut, with high oleic
traits, and a resistance to tomato spotted wilt virus (Anonymous, 2013).
The PRE herbicides selected were pendimethalin at 1,065 g ai ha-1 (32 fl oz ac-1)
(Anonymous, 2018b), S-metolachlor at 1,421 g ai ha-1 (1.33 pt ac-1) (Anonymous, 2015a;
Anonymous, 2017a), flumioxazin at 107 g ai ha-1 (3 oz ac-1) (Anonymous, 2016b), diclosulam at
27 g ai ha-1 (0.45 oz ac-1) (Anonymous, 2017c), and acetochlor at 1,262 g ai ha-1 (48 fl oz ac-1)
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(Anonymous, 2018c). OK used dimethenamid-P at 841 g ai ha-1 (16 fl oz/acre) (Anonymous,
2017b) instead of diclosulam, as it is not labeled for use in Oklahoma (Anonymous, 2017c). MS
applications were sprayed using a CO2 back-pack sprayer with ULD 12002 (Pentair Hypro,
Minneapolis, MN) nozzles at a spacing of 48 centimeters and a speed of 6.7 km h-1 (walking
speed). Applications in Oklahoma were made with a CO2 back-pack sprayer with a TTI110015
(TeeJet Technologies, Wheaton, IL) nozzles at a speed of 4.8 km h-1. Treatments in Starkville
were applied at 140 L ha-1, at a speed of 6.7 km h-1 at 276 kPa. Treatments in Fort Cobb were
applied at 117 L ha-1, at a speed of 6.7 km h-1 at 138 kPa. PRE applications occurred on the date
of planting and are listed in the table below (Table 2.1).
The POST herbicides chosen were a combination of 2,4-DB at 280 g ae ha-1 (2,4-DB,
WinField United, Minneapolis, MN) plus bentazon and acifluorfen at 233 g ai ha-1 (Anonymous,
2014b) plus clethodim at 136 g ai ha-1 (Anonymous, 2015b), imazapic at 70 g ai ha-1
(Anonymous, 2014a) plus clethodim at 136 g ai ha-1, and pyroxasulfone at 110 g ai ha-1
(Anonymous, 2017d) plus clethodim at 136 g ai ha-1. MS POST applications took place on the
date listed in Table 2.1, using the same sprayer set-up as described above. Overall weed control
ratings were taken using a rating scale of 0-100 percent control at 7, 14, 28, 42, and 56 days after
POST. At harvest, yield data were collected to determine the most effective combination of
herbicides for season long weed control in peanuts. The peanuts at the MS location were harvest
November 28, 2018 and at the OK location were harvested on October 23, 2018. All data were
subjected to ANOVA using R Studio (Version 1.2.1578), with means separated by Fisher’s
protected LSD where significance is observed (α = 0.05).
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2019
Field studies were conducted across multiple locations in 2019 including the Mississippi
State University, Coastal Plains Research Station near Newton, MS, the Oklahoma State
University, Caddo Research Station near Fort Cobb, OK, University of Florida, Jay Research
Station near Jay, FL, and Auburn University, E.V. Smith Research Center, near Shorter, AL.
These studies were to determine the most effective PRE, early POST (at-cracking), and late
POST combination of herbicides for overall weed control in peanuts based on results from the
2018 study. Treatments were designed in a complete randomized block with four replications.
The treatments were made where each of the five PREs were followed by one of three POST
combinations, created from the two at-cracking options and two late POST options to create
fifteen herbicide programs. The at-cracking, early POST option two (E-POST-2) was only
followed by late POST option one (L-POST-1) (Table 2.5; Table 2.6). The study design also
included an untreated control and a weed-free control. The weed-free control was kept weed free
for the duration of the study through both herbicide applications and manual weed removal. Plots
were planted on flat rows at 96.5 cm spacing, with two rows per plot which resulted in plots of 2
x 9 meters. Plots were planted at 20 seeds per meter. Plots at Mississippi State University and
Auburn University (AL) were planted with Georgia 06G (Alabama Crop Improvement
Association, Headland, AL). University of Florida (FL) plots were planted to FloRun 331, which
is also a runner type. The Oklahoma State site planted a virginia type Wynne, that produces large
seeds with high oleic composition, and is known for its disease tolerance (Anonymous, 2019).
Planting occurred on the same date as PRE applications (Table 2.2).
The PRE herbicides selected for this study included dimthenamid-P at 841 g ai ha-1 (16 fl
oz ac-1) (Anonymous, 2017b), S-metolachlor at 1,420 g ai ha-1 (1.33 pt ac-1) (Anonymous, 2015a;
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Anonymous, 2017a), flumioxazin at 107 g ai ha-1 (3 oz ac-1) (Anonymous, 2016b), diclosulam at
27 g ai ha-1 (0.45 oz ac-1) (Anonymous, 2017c) (All locations except OK), acetochlor at 1,262 g
ai ha-1 (48 fl oz ac-1) (Anonymous, 2018c), and pendimethalin at 1,065 g ai ha-1 (32 fl oz ac1

)(Anonymous, 2018b) (OK site only). Applications at all sites were made using a CO2

pressurized back-pack hand boom sprayer. The nozzles used for MS, OK, FL, and AL were the
ULD12002 (Pentair Hypro, Minneapolis, MN), TTI 110015 (TeeJet Technologies, Wheaton, IL),
XR11002 (TeeJet Technologies, Wheaton, IL), AIXR 11002 (TeeJet Technologies, Wheaton,
IL), respectively. Treatments were applied at 140 L ha-1 (15 gal ac-1) at 276 kPa (40 PSI) with a
speed of 6.7 km h-1 (4 mph), except in OK applications were made at 117 L ha-1 (12.5 gal ac-1) at
a pressure of 20 psi with a speed of 6.7 km h-1. The PRE applications occurred at the time of
planting with the dates listed in the table below (Table 2.2).
The early POST (cracking) treatments included paraquat at 280 g ai ha-1 (Anonymous,
2016a) plus bentazon at 560 g ai ha-1 (Anonymous, 2010) plus pyroxasulfone at 105 g ai ha-1
(Anonymous, 2017c) and paraquat at 280 g ai ha-1 plus acifluorfen with bentazon at 233 g ai ha-1
(Anonymous, 2014b). These applications were made within 28 days after peanut emergence,
cracking stage, in the same manner as earlier applications in the respective locations. Dates of
applications are listed in Table 2.2. As stated before, this application is based on the date of
peanut emergence.
Late POST herbicides were 2,4-DB at 280 g ai ha-1 (2,4-DB, FROM) plus S-metolachlor
at 1,420 g ai ha-1 (Anonymous, 2015a; Anonymous, 2017a) plus acifluorfen at 420 g ai ha-1
(Anonymous, 2012) and 2,4-DB at 280 g ai ha-1 (2,4-DB, WinField United, Minneapolis, MN)
plus imazapic at 70 g ai ha-1 (Anonymous, 2014a). Again, all treatments were applied in the
same manner as the PRE applications. The time of applications are listed in Table 2.2. After
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these applications, weed control ratings were recorded using a scale of 0 to 100 percent control at
7, 14, 21, 28, 42, and 56 days after application. Ratings were assigned as a percent of weeds
controlled in comparison to an untreated control; these included ratings of grass, sedge,
broadleaf, and overall control. Yield data were collected at harvest. Harvest occurred October 28,
2019 for MS. Peanuts at Fort Cobb, OK were harvested October 22, 2019 and at Jay FL harvest
occurred on October 15, 2019. Yield was unable to harvest from the field site in Alabama due to
rain from tropical storms at that time of year. Whole peanut plants had been collected from the
field, by taking a meter row sample from the single row of the inverted peanuts after digging.
These samples were then placed in a greenhouse to further the drying process before being hand
thrown through the peanut harvester to remove the pods from the plants. This process was
conducted to expedite harvest due to the threat of rain. At OK and FL harvest was accomplished
through mechanical harvesters. All data were subjected to ANOVA in R Studio (Version
1.2.1578), with means separated using Fisher’s protected LSD where significance is observed
(α=0.05).
Table 2.1

Herbicide application timings for studies investigating herbicide programs in 2018
in Starkville, MS and Fort Cobb, OK.
Application Timing

Mississippi

Oklahoma

PRE (Planting Date)

May 22, 2018

May 8, 2018

POST

June 18, 2018

May 30, 2018
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Table 2.2

Table 2.3

Herbicide application timings for studies investigating herbicide programs in 2019
in Newton, MS; Fort Cobb, OK; Jay, FL; and Shorter, AL.
Application Timing

Mississippi

Oklahoma

Florida

Alabama

PRE (Planting Date)

7-May

15-May

10-May

3-Jun

At cracking

13-Jun

11-Jun

5-Jun

24-Jun

POST

18-Jul

25-Jun

30-Jun

23-Jul

a

List of treatments for studies investigating herbicide programs in 2019 in
Starkville, MS and Fort Cobb, OK.

Treatment
PRE
POST
1
Untreated
Untreated
2
Weed Free
Weed Free
3
S-metolachlor
2,4-DB + bentazon + acifluorfen + clethodim
4
flumioxazin
2,4-DB + bentazon + acifluorfen + clethodim
b
5
diclosulam
2,4-DB + bentazon + acifluorfen + clethodim
6
acetochlor
2,4-DB + bentazon + acifluorfen + clethodim
7
pendimethalin
2,4-DB + bentazon + acifluorfen + clethodim
8
S-metolachlor
imazapic + clethodim
9
flumioxazin
imazapic + clethodim
b
10
diclosulam
imazapic + clethodim
11
acetochlor
imazapic + clethodim
12
pendimethalin
imazapic + clethodim
13
S-metolachlor
pyroxasulfone + clethodim
14
flumioxazin
pyroxasulfone + clethodim
b
15
diclosulam
pyroxasulfone + clethodim
16
acetochlor
pyroxasulfone + clethodim
17
pendimethalin
pyroxasulfone + clethodim
a
The following herbicide rates were used: S-metolachlor (1420 g ai ha-1), flumioxazin
(107 g ai ha-1), diclosulam (27 g ai ha-1), acetochlor (1262 g ai ha-1), pendimethalin
(1065 g ai ha-1), 2,4-DB (280 g ai ha-1), bentazon (560 g ai ha-1), acifluorfen (233 g ai ha-1),
clethodim (136 g ai ha-1), imazapic (70 g ai ha-1), pyroxasulfone (110 g ai ha-1).
b
In Fort Cobb, OK diclosulam PRE treatments were substituted with dimethenamid-P
(841 g ai ha-1) PRE.
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a

Table 2.4

List of treatments for studies investigating herbicide programs in 2019 in Newton, MS; Fort Cobb, OK; Jay, FL; and
Shorter, AL.

Treatment
1

PRE
UTC

At-cracking
UTC

POST
UTC

2

Weed Free

Weed Free

Weed Free

3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

S-metolachlor
flumioxazin
diclosulamb
acetochlor
dimethenamid-P
S-metolachlor
flumioxazin
diclosulamb
acetochlor
dimethenamid-P
S-metolachlor
flumioxazin
diclosulamb
acetochlor
dimethenamid-P

paraquat + bentazon + pyroxasulfone + COC
paraquat + bentazon + pyroxasulfone + COC
paraquat + bentazon + pyroxasulfone + COC
paraquat + bentazon + pyroxasulfone + COC
paraquat + bentazon + pyroxasulfone + COC
paraquat + bentazon + pyroxasulfone + COC
paraquat + bentazon + pyroxasulfone + COC
paraquat + bentazon + pyroxasulfone + COC
paraquat + bentazon + pyroxasulfone + COC
paraquat + bentazon + pyroxasulfone + COC
paraquat + bentazon + acifluorfen + COC
paraquat + bentazon + acifluorfen + COC
paraquat + bentazon + acifluorfen + COC
paraquat + bentazon + acifluorfen + COC
paraquat + bentazon + acifluorfen + COC

2,4-DB + S-metolachlor + acifluorfen
2,4-DB + S-metolachlor + acifluorfen
2,4-DB + S-metolachlor + acifluorfen
2,4-DB + S-metolachlor + acifluorfen
2,4-DB + S-metolachlor + acifluorfen
2,4-DB + imazapic
2,4-DB + imazapic
2,4-DB + imazapic
2,4-DB + imazapic
2,4-DB + imazapic
2,4-DB + S-metolachlor + acifluorfen
2,4-DB + S-metolachlor + acifluorfen
2,4-DB + S-metolachlor + acifluorfen
2,4-DB + S-metolachlor + acifluorfen
2,4-DB + S-metolachlor + acifluorfen

a

The following herbicide rates were used: S-metolachlor (1420 g ai ha-1), flumioxazin (107 g ai ha-1), diclosulam (27 g ai ha-1),
acetochlor (1262 g ai ha-1), dimethenamid-P (841 g ai ha-1), paraquat (280 g ai ha-1), bentazon (560 g ai ha-1), pyroxasulfone
(105 g ai ha-1), acifluorfen (at-cracking 233 g ai ha-1, POST 420 g ai ha-1), 2,4-DB (280 g ae ha-1), and imazapic (70 g ai ha-1).
b
In Fort Cobb, OK diclosulam PRE treatments were substituted with pendimethalin (1065 g ai ha-1) PRE.
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Results and Discussion
Weed control trends were similar among the various locations, however there are about
1400 km from the location in OK to the location in AL, which can result in vastly different weed
pressures and herbicide resistance issues. Variabilities in yield across the locations, could also be
due to the changes in weather, soils, weed pressures, irrigation and variety or market-type
planted.
Mississippi
In 2018, all programs provided effective weed control at MS, at 28 days after the POST
the lowest weed control (78%) achieved with the pendimethalin followed by 2,4-DB plus
clethodim plus bentazon plus acifluorfen (Treatment 7) program (data not shown). In 2018, there
were no differences in weed control when looking at POSTs as a factor (Table 2.6). When
analyzing PREs as a factor, pendimethalin provided the least amount of control (Table 2.5). The
peanuts were dug October 24, 2018, due to weather and heavy rains peanuts were harvested
November 28, 2018. Peanuts were combined 5 weeks after digging, and the wet conditions at
both digging and harvest can lead to potential yield loss. Starkville, MS received 16.5 cm (6.5 in)
of rain from the time of digging to harvest. Peanut yields can be reduced due to peanuts laying
on the ground open to the elements, and this can lead to potential yield discrepancies (Grichar et
al., 2005). The variability of the peanut yields in 2018, and the low yields were not significantly
different based on PRE or POST. These results could also be explained by the harvest issues
experienced due to wet vines, which can get caught in the harvester.
In 2019 at Newton, MS, when comparing all programs, those that included the POST
combination of paraquat plus pyroxasulfone plus bentazon followed by 2,4-DB plus imazapic
(Treatments 8-12) significantly improved weed control (by at least 15%). Comparing programs
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with PRE herbicides as a factor showed that diclosulam resulted in greater weed control and
acetochlor resulted in less weed control (99% to 84% and 95% to 52%, respectively). Acetochlor
followed by paraquat plus bentazon plus pyroxasulfone followed by 2,4-DB plus S-metolachlor
plus acifluorfen (Treatment 6) and dimethenamid-P followed by paraquat plus bentazon plus
acifluorfen followed by 2,4-DB plus acifluorfen plus S-metolachlor (Treatment 17) had the least
percent overall and grass and sedge weed control (At 52% and 50% respectively). When treating
PRE as a factor, S-metolachlor and flumioxazin (Averaging across all POSTs at 82% and 80%
respectively.) resulted in similar weed control and had greater control than dimethenamid-P
(Average of 73%). Dimethenamid-P had greater weed control than acetochlor (Average of 68%).
When comparing the at-cracking followed by late-POST combination as a factor paraquat plus
bentazon plus pyroxasulfone follower by 2,4-DB plus imazapic was the best POST combination.
The POST combination with the least weed control was paraquat plus bentazon plus acifluorfen
followed by 2,4-DB plus S-metolachlor plus acifluorfen (Averaged across PREs at 68%). MS
observed no differences in yield when treating PREs as a factor (Table 2.13). However, when
looking at the POST herbicide combinations treatments including the POST paraquat plus
bentazon plus pyroxasulfone follower by 2,4-DB plus imazapic program resulted in higher yields
than the programs including both other POST combinations (Table 2.12). There were no
differences in yield when treating PREs as a factor (Table 2.17). When looking at POSTs as a
factor treatment including paraquat plus bentazon plus pyroxasulfone followed by 2,4-DB plus
imazapic (averaging 5,029 kg ha-1) yielded more than either of the other POST combinations
averaging (3,594 and 3,830 kg ha-1) (Table 2.16). When looking at 2018 and 2019, Starkville and
Newton had effective weed control from most of the herbicide programs. The herbicide program
that performed the best the second year combined the 2,4-DB, pyroxasulfone, and imazapic into
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one system throughout the season, whereas the first year these were looked at as a single POST
application. In the 2018 we observed that these all were effective forms of weed control 28 DAT
(The lowest at 78%), but they were applied a month earlier than the late POST of the second
year. This would give ample time for the residual activity to break, stop effectively controlling
weeds, considering the long growing season of peanuts. The growing season for peanuts often
starts with planting in May and requires 140 to 160 days (Putman, et al., 1991; Grichar et al.,
2005). Multiple studies have found that multiple application timings, including a soil applied
herbicide, increase season long weed control and that applications early in the growing season
cannot provide efficient control (Grey et al., 2003; Grey and Wehtje, 2005).
Oklahoma
In 2018, Fort Cobb, OK observed more differences in weed control than the first year in
Starkville, MS (Table 2.7). The results at this location showed improved weed control when the
herbicide program included imazapic plus clethodim. There was no difference in weed control
for programs including 2,4-DB plus bentazon plus acifluorfen plus clethodim or pyroxasulfone
plus clethodim (Averaging across all PREs at 62% and 61% respectively). When analyzing PRE
as a factor, flumioxazin (At an average of 78%) improved weed control in comparison to Smetolachlor, acetochlor, and pendimethalin (At an average of 72%, 69%, and 55% respectively).
(data not shown). Dimethenamid-P (At an average of 74%) had similar weed control to
flumioxazin. Pendimethalin had the lowest amount of weed control, but weed control was
improved by 39% when pendimethalin was followed by imazapic plus clethodim (Table 2.7). All
PREs improved weed control when followed by imazapic plus clethodim (By at least 10%)
(Table 2.7). Harvest in OK occurred on October 23, 2018. The yields collected from OK showed
a similar trend to the weed control results, that the programs including imazapic plus clethodim
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resulted in greater yields (Table 2.10). When comparing programs based on PRE, flumioxazin
programs had greater yields, and all others were similar to each other (Table 2.9). All programs
yielded more than the untreated control.
In 2019, when followed by the POST combination of paraquat plus bentazon plus
pyroxasulfone followed by 2,4-DB plus imazapic weed control significantly improved across all
PREs (By at least 12%.) (Table 2.12). Programs including S-metolachlor, dimethenamid-P, and
flumioxazin (all averaging 87% respectively) all performed similarly in terms of overall and
grass and sedge weed control, and improved weed control in comparison to acetochlor (Average
of 82%) and pendimethalin (79% average). As in MS, paraquat plus bentazon plus pyroxasulfone
followed by 2,4-DB plus imazapic resulted in greater weed control overall, and greater grass and
sedge control. The POST combination of paraquat plus bentazon plus acifluorfen followed by
2,4-DB plus S -metolachlor plus acifluorfen resulted in less weed control than treatment followed
by either of the other POST combinations. There were few differences in yield, when comparing
across all programs at OK. Comparing programs with PREs as a factor, flumioxazin (Averaging
4,922 kg ha-1) improved yields in comparison to acetochlor and pendimethalin (Averaging 4,385
and 4331 kg ha-1 respectively) (Table 2.18). Programs within the POST combination of paraquat
plus bentazon plus acifluorfen followed by 2,4-DB plus S -metolachlor plus acifluorfen
(Averaging 4,045 kg ha-1) yielded less than treatments involving either of the other POST
combinations (Table 2.19) All programs had greater yields than the untreated control.
Florida
At Jay, FL when comparing across programs, acetochlor followed by paraquat plus
bentazon plus pyroxasulfone followed by 2,4-DB plus S-metolachlor plus acifluorfen (Treatment
6) at 78% had the lowest percent overall weed control (Table 2.12). Treating PREs as a factor,
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flumioxazin at an average of 97% had greater control than diclosulam, dimethenamid-P, and
acetochlor (At 92%, 90%, and 88% respectively) in terms of overall weed control and control of
grasses and sedges. Treatments including the POST combination paraquat plus bentazon plus
pyroxasulfone followed by 2,4-DB plus imazapic significantly improved weed control for
acetochlor and dimethenamid-P (Table 2.12). There was no difference in overall weed control
between POST combinations including the late POST 2,4-DB plus S-metolachlor plus
acifluorfen (Both at an average of 90%). When treating PREs as a factor, no difference in yields
were observed (Table 2.22). However, when treating POST as a factor treatments with the POST
combinations of paraquat plus bentazon plus pyroxasulfone followed by 2,4-DB and imazapic
and paraquat plus bentazon plus acifluorfen followed by 2,4-DB plus S-metolachlor plus
acifluorfen yielded higher (Averaging 3,827 and 3,750 kg ha-1 respectively) than programs
followed by the POST combination of paraquat plus bentazon plus pyroxasulfone followed by
2,4-DB plus S-metolachlor plus acifluorfen (Averaging 3,078 kg ha-1) (Table 2.21). All programs
had greater yields than the untreated control (Table 2.21).
Alabama
AL observed very few differences in overall weed control, with the lowest weed control
rating at 90% (data not shown). There were no differences in weed control looking at PRE by
POST combination. However, when looking at weed control by PRE programs including Smetolachlor (averaging 98%) had greater weed control than programs with acetochlor and
dimethenamid-P (averaging 95 and 93% respectively) (Table 2.23). Comparing weed control by
POST combinations programs including paraquat plus bentazon plus pyroxasulfone followed by
2,4-DB plus imazapic (averaging 98%) improved weed control than the other POST
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combinations (Table 2.24). Yield data was not collected in Shorter, AL due to rain conditions,
from tropical storms.
Table 2.5

a

Weed control response to PRE herbicides in peanut at Starkville, MS site in 2018
at 28 DAT for a study investigating season long herbicide programs.
PRE

Weed Control (%)

Untreated

0c

Weed Free

100 a

S-metolachlor

96 a

flumioxazin

95 a

diclosulam

98 a

acetochlor

96 a

pendimethalin

84 b

a

Means separated by Fisher’s protected LSD (α = 0.05). Means with different letters are
significantly different from each other.

Table 2.6

ANOVA table for weed control rating 28 DAT for a study comparing herbicide
programs in peanut at Starkville, MS in 2018.
Source

Degrees of Freedom

P-value

Block

3

0.449

PRE

6

< 0.001

POST

2

0.447

PRE*POST

8

0.145

Error

41
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Table 2.7

a

Weed control response 28 DAT for study investigating season long herbicide
programs in peanut in 2018 at Fort Cobb, OK

Treatment

PRE

POST

Weed Control
(%)

1

Untreated

Untreated

0g

2

Weed Free

Weed Free

99 a

3

S-metolachlor

2,4-DB + bentazon + acifluorfen + clethodim

63 e

4

flumioxazin

2,4-DB + bentazon + acifluorfen + clethodim

71 de

dimethenamid-Pb 2,4-DB + bentazon + acifluorfen + clethodim

67 e

5
6

acetochlor

2,4-DB + bentazon + acifluorfen + clethodim

64 e

7

pendimethalin

2,4-DB + bentazon + acifluorfen + clethodim

44 f

8

S-metolachlor

imazapic + clethodim

85 bc

9

flumioxazin

imazapic + clethodim

94 ab

10

dimethenamid-Pb

imazapic + clethodim

82 c

11

acetochlor

imazapic + clethodim

79 cd

12

pendimethalin

imazapic + clethodim

79 cd

13

S-metolachlor

pyroxasulfone + clethodim

66 e

14

flumioxazin

pyroxasulfone + clethodim

67 e

15

dimethenamid-Pb

pyroxasulfone + clethodim

71 de

16

acetochlor

pyroxasulfone + clethodim

63 e

17

pendimethalin

pyroxasulfone + clethodim

39 f

a

Means separated by Fisher’s protected LSD (α = 0.05). Means with different letters are
significantly different from each other.
b
At Fort Cobb, OK dimethenamid-P was substituted for the diclosulam that was used at
Starkville, MS.
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Table 2.8

Table 2.9

ANOVA table for weed control 28 DAT in Fort Cobb, OK in 2018 comparing
PRE by POST combination.
Source

Degrees of Freedom

P-value

Block

3

0.490

PRE

6

< 0.001

POST

2

< 0.001

PRE*POST

8

0.003

Error

40

a

Yield response to a study at Fort Cobb, OK observing effects of season long
herbicide programs in peanut in 2018, comparing by PRE
PRE

Yield (kg ha-1)

Untreated

1594 c

Weed Free

4452 a

S-metolachlor

2916 b

flumioxazin

3987 b

dimethenamid-P

3183 b

acetochlor

2950 b

pendimethalin

3343 b

a

Means separated by Fisher’s protected LSD (α = 0.05). Means with different letters are
significantly different.
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Table 2.10

a

Yield response to a study at Fort Cobb, OK observing effects of season long
herbicide programs in peanut in 2018, comparing yields by POST.
POST

Yield (kg ha-1)

Untreated

1594 d

Weed Free

4452 a

2,4-DB + bentazon + acifluorfen + clethodim

3148 b

imazapic + clethodim

3892 a

pyroxasulfone + clethodim

2786 c

a

Means separated by Fisher’s protected LSD (α = 0.05). Means with different letters are
significantly different.

Table 2.11

ANOVA table for a study in Fort Cobb, OK in 2018 comparing PRE by POST
combination.
Source

Degrees of Freedom

P-value

Block

3

0.490

PRE

6

< 0.001

POST

2

< 0.001

PRE*POST

8

0.584

Error

48
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Table 2.12

Results of weed control ratings 28 days after POST for the season long herbicide program study in 2019 at Newton, MS;
Fort Cobb, OK; and Jay, FL.

PRE

At-cracking

POST

Weed
Control
28 DAT
(%)

1

Untreated

Untreated

Untreated

0e

2

Weed Free

Weed Free

Weed Free

100 a

3

S-metolachlor

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + S-metolachlor + acifluorfen

80 b

4

flumioxazin

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + S-metolachlor + acifluorfen

71.67 c

5

diclosulamb

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + S-metolachlor + acifluorfen

96 a

6

acetochlor

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + S-metolachlor + acifluorfen

51.67 d

7

dimethenamid-P

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + S-metolachlor + acifluorfen

70 c

8

S-metolachlor

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + imazapic

97.67 a

9

flumioxazin

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + imazapic

95.75 a

10

diclosulamb

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + imazapic

98.75 a

11

acetochlor

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + imazapic

95 a

Treatment

Mississippia
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Table 2.12 (continued)

Treatment

PRE

At-cracking

POST

Weed
Control
28 DAT
(%)

12

dimethenamid-P

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + imazapic

98 a

13

S-metolachlor

paraquat + bentazon + acifluorfen + COC

2,4-DB + S-metolachlor + acifluorfen

71.75 c

14

flumioxazin

paraquat + bentazon + acifluorfen + COC

2,4-DB + S-metolachlor + acifluorfen

70 c

15

diclosulamb

paraquat + bentazon + acifluorfen + COC

2,4-DB + S-metolachlor + acifluorfen

83.75 b

16

acetochlor

paraquat + bentazon + acifluorfen + COC

2,4-DB + S-metolachlor + acifluorfen

66.7 c

17

dimethenamid-P

paraquat + bentazon + acifluorfen + COC

2,4-DB + S-metolachlor + acifluorfen

50 d

1

Untreated

Untreated

Untreated

0f

2

Weed Free

Weed Free

Weed Free

100 a

3

S-metolachlor

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + S-metolachlor + acifluorfen

83.75 b

4

flumioxazin

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + S-metolachlor + acifluorfen

87.5 b

5

pendimethalinb

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + S-metolachlor + acifluorfen

72.25 e

6

acetochlor

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + S-metolachlor + acifluorfen

77.25 cd

Oklahomaa
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Table 2.12 (continued)

Treatment

PRE

At-cracking

POST

Weed
Control
28 DAT
(%)

7

dimethenamid-P

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + S-metolachlor + acifluorfen

86 b

8

S-metolachlor

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + imazapic

99.5 a

9

flumioxazin

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + imazapic

99.5 a

10

pendimethalinb

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + imazapic

95.33 a

11

acetochlor

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + imazapic

96.5a

12

dimethenamid-P

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + imazapic

98.75 a

13

S-metolachlor

paraquat + bentazon + acifluorfen + COC

2,4-DB + S-metolachlor + acifluorfen

78.75 c

14

flumioxazin

paraquat + bentazon + acifluorfen + COC

2,4-DB + S-metolachlor + acifluorfen

73 de

15

pendimethalinb

paraquat + bentazon + acifluorfen + COC

2,4-DB + S-metolachlor + acifluorfen

73 de

16

acetochlor

paraquat + bentazon + acifluorfen + COC

2,4-DB + S-metolachlor + acifluorfen

71 e

17

dimethenamid-P

paraquat + bentazon + acifluorfen + COC

2,4-DB + S-metolachlor + acifluorfen

71.67 e
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Table 2.12 (continued)

PRE

At-cracking

POST

Weed
Control
28 DAT
(%)

1

Untreated

Untreated

Untreated

0h

2

Weed Free

Weed Free

Weed Free

100 a

3

S-metolachlor

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + S-metolachlor + acifluorfen

98 a

4

flumioxazin

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + S-metolachlor + acifluorfen

97.75 a

5

diclosulamb

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + S-metolachlor + acifluorfen

91.75
bcd

6

acetochlor

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + S-metolachlor + acifluorfen

77.5 g

7

dimethenamid-P

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + S-metolachlor + acifluorfen

86.25 ef

8

S-metolachlor

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + imazapic

97 ab

9

flumioxazin

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + imazapic

97.75 a

10

diclosulamb

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + imazapic

95.75
abc

11

acetochlor

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + imazapic

96.25 ab

Treatment

Floridaa
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Table 2.12 (continued)

Treatment

PRE

At-cracking

POST

Weed
Control
28 DAT
(%)

12

dimethenamid-P

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + imazapic

97.5 a

13

S-metolachlor

paraquat + bentazon + acifluorfen + COC

2,4-DB + S-metolachlor + acifluorfen

88.75
def

14

flumioxazin

paraquat + bentazon + acifluorfen + COC

2,4-DB + S-metolachlor + acifluorfen

95 abc

15

diclosulamb

paraquat + bentazon + acifluorfen + COC

2,4-DB + S-metolachlor + acifluorfen

88.5 def

16

acetochlor

paraquat + bentazon + acifluorfen + COC

2,4-DB + S-metolachlor + acifluorfen

90.75
cde

17

dimethenamid-P

paraquat + bentazon + acifluorfen + COC

2,4-DB + S-metolachlor + acifluorfen

85.25 f

a

Each location was analyzed individually, with results showing 28 days after the POST application looking at the PRE*POST
combination interaction. The POST combination is the at-cracking followed by the POST. Means with different letters denote a
significant difference with means separated using Fisher’s protected LSD (α = 0.05).
b
The study at Fort Cobb, OK substituted diclosulam with pendimethalin.
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Table 2.13

Table 2.14

ANOVA table for Newton, MS in 2019 on weed control 28 DAT comparing PRE
by POST combination.
Source

Degrees of Freedom

P-value

Block

3

0.114

PRE

6

< 0.001

POST

2

< 0.001

PRE*POST

8

< 0.001

Error

40

a

ANOVA table for Fort Cobb, OK in 2019 on weed control 28 DAT comparing
PRE by POST combination.
Source

Degrees of Freedom

P-value

Block

3

0.290

PRE

6

< 0.001

POST

2

< 0.001

PRE*POST

8

< 0.001

Error

46
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Table 2.15

Table 2.16

ANOVA table for Jay, FL weed control 28 DAT in 2019 comparing PRE by POST
combination.
Source

Degrees of Freedom

P-value

Block

3

0.619

PRE

6

< 0.001

POST

2

< 0.001

PRE*POST

8

< 0.001

Error

48

a

Yield from study investigating effect of season long herbicide programs in peanut
at Newton, MS in 2019 comparing average yield by POST combinations across all
PRE herbicides.
At-cracking

POST

Yield
(kg ha-1)

Untreated

Untreated

2178 c

Weed Free

Weed Free

3286 bc

paraquat + bentazon + pyroxasulfone +
COC

2,4-DB + S-metolachlor + acifluorfen

3594 b

paraquat + bentazon + pyroxasulfone +
COC

2,4-DB + imazapic

5029 a

paraquat + bentazon + acifluorfen + COC

2,4-DB + S-metolachlor + acifluorfen

3830 b

a

Means separated using Fisher’s protected LSD where significance is observed (α = 0.05).
Means with the same letter are not significantly different from each other.
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Table 2.17

Table 2.18

ANOVA table for yield of study comparing season long herbicide programs in
peanut at Newton, MS in 2019.
Source

Degrees of Freedom

P-value

Block

3

0.043

PRE

6

0.135

POST

2

0.001

PRE*POST

8

0.139

Error

36

a

Yield from study investigating effect of season long herbicide programs in peanut
at Fort Cobb, OK in 2019 comparing average yield by PRE herbicide across all
POST combinations.
PRE

Yield

Untreated

2047 d

Weed Free

5517 a

S-metolachlor

4530 bc

flumioxazin

4922 ab

pendimethalin

4331 c

acetochlor

4385 c

dimethenamid-P

4627 bc

a

Means separated using Fisher’s protected LSD where significance is observed (α = 0.05).
Means with different letters are significantly different from each other.
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Table 2.19

a

Yield from study investigating effect of season long herbicide programs in peanut
at Fort Cobb, OK in 2019 comparing average yield by POST combinations across
all PRE herbicides
At-cracking

POST

Yield

Untreated

Untreated

2047 d

Weed Free

Weed Free

5517 a

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + S-metolachlor + acifluorfen

4695 b

paraquat + bentazon + pyroxasulfone + COC

2,4-DB + imazapic

4937 ab

paraquat + bentazon + acifluorfen + COC

2,4-DB + S-metolachlor + acifluorfen

4045 c

a

Means separated using Fisher’s protected LSD where significance is observed (α = 0.05).
Means with the same letter are not significantly different from each other.

Table 2.20

ANOVA table for yield of study comparing season long herbicide programs in
peanut at Fort Cobb, OK in 2019.
Source

Degrees of Freedom

P-value

Block

3

0.006

PRE

6

< 0.001

POST

2

< 0.001

PRE*POST 8
Error

0.110

48
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Table 2.21

a

Yield from study observing effects of season long herbicide programs in peanut at
Jay, FL in 2019 comparing average yield by POST combinations across all PRE
herbicides.
At-cracking

POST

Yield

Untreated

Untreated

1762 d

Weed Free

Weed Free

4937 a

paraquat + bentazon + pyroxasulfone +
COC

2,4-DB + S-metolachlor + acifluorfen

3078 c

paraquat + bentazon + pyroxasulfone +
COC

2,4-DB + imazapic

3827 b

paraquat + bentazon + acifluorfen + COC

2,4-DB + S-metolachlor + acifluorfen

3749 b

a

Means separated using Fisher’s protected LSD where significance is observed (α = 0.05).
Means with the same letter are not significantly different from each other.

Table 2.22

ANOVA table for yield of study comparing season long herbicide programs in
peanut at Jay, FL in 2019.
Source

Degrees of Freedom

P-value

Block

3

0.157

PRE

6

< 0.001

POST

2

< 0.001

PRE*POST

8

0.975

Error

44
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Table 2.23

a

Results of weed control ratings 21 days after POST for the season long herbicide
program study in 2019 at Shorter, AL averaging the PREs across all POST
combinations.
PRE

Weed Control 21 DAT (%)

Untreated

0e

Weed Free

100 a

S-metolachlor

97.8 ab

flumioxazin

95.67 bc

diclosulam

95.8 bc

acetochlor

95 cd

dimethenamid-P

92.67 d

a

Means separated using Fisher’s protected LSD where significance is observed (α = 0.05).
Means with the same letter are not significantly different from each other.
Table 2.24

a

a

Results of weed control ratings 21 days after POST for the season long herbicide
program study in 2019 at Shorter, AL averaging the POST combinations across all
PREs.

At-cracking

POST

Weed
Control
21 DAT
(%)

Untreated

Untreated

0c

Weed Free

Weed Free

100 a

paraquat + bentazon + pyroxasulfone +
COC

2,4-DB + S-metolachlor + acifluorfen

94.2 b

paraquat + bentazon + pyroxasulfone +
COC

2,4-DB + imazapic

97.5 a

paraquat + bentazon + acifluorfen + COC

2,4-DB + S-metolachlor + acifluorfen

94.45 b

Mean separated with Fisher’s protected LSD (α = 0.05), means with different letters denote a
significant difference.
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Table 2.25

ANOVA table for weed control 21 DAT of study investigating season long
herbicide programs in peanut in 2019 at Shorter, AL.
Source

Degrees of Freedom

P-value

Block

3

0.243

PRE

6

< 0.001

POST

2

0.006

PRE*POST

8

0.283

Error

48
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Figure 2.1

a

28 DAT Weed control at Newton, MS 2019.

a

Pictures taken 28 days after final POST applications in peanuts. Left: Untreated control;
Middle: diclosulam followed by paraquat + bentazon + pyroxasulfone followed by 2,4-DB +
imazapic; Right: acetochlor followed by paraquat + bentazon + pyroxasulfone followed by 2,4DB + S-metolachlor + acifluorfen.

Conclusion
The results of this study indicate that season long herbicide programs can affect weed
control and affect the yield at the end of the season. There were differences between each
location, but trends were similar. Across all locations, the paraquat plus bentazon plus
pyroxasulfone followed by 2,4-DB plus imazapic improved weed control. This POST
combination included pyroxasulfone and imazapic, which were used in 2018 as separate POST
applications, and improved weed control at Starkville, MS. The recommendation to take from
this is to use a PRE herbicide with known residual activity for weed control. A herbicide
program with multiple POSTs helps to maintain season long weed control and reduce harvest
losses. POST applications should include a herbicide with residual control to lengthen weed free
period. This indicates that weeds need to be controlled to maintain yields and reduce losses,
making it imperative for timely applications using multiple modes of action. There are
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differences from location to location, meaning producers should use the herbicides that are most
effective in their area for the weed pressures in their environment.
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CHAPTER III
USING VARIOUS NOZZLES, ADJUVANTS, AND PRESSURES TO COMPARE WEED
CONTROL WITH A BASIC WEED CONTROL PROGRAM
Abstract
Peanuts are an important cash crop for the United States. Mississippi (MS) produced
peanuts valued at 20 million dollars in 2018 (USDA-NASS, 2019). Peanuts have a prostrate
growth pattern, making it easy for weeds to shade the crop canopy, and out compete them for
nutrients, water, and light. Because of these factors an important part of weed control is nozzle
selection, and proper application methods. The purpose of this study is to determine the most
effective nozzle type and operating pressure for a season long weed control program. Field
studies were conducted over two years at Mississippi State University. The first year was
conducted at the Mississippi Agricultural and Forestry Experiment Station (MAFES) R.R. Foil
Plant Science Research Center near Starkville, MS and the second year was conducted at the
MAFES Coastal Plain Experiment Station near Newton, MS. A runne-type peanut, Georgia 06G,
was planted and herbicide applications were made at three different timings: pre-emergence
(PRE), early post-emergence (POST) (at-cracking), and late POST. Over the two years
applications were made using six different nozzle types at three different application pressures,
with the same carrier volume. The first year also included the use of non-required adjuvants to
observe the effect on weed control and yield. Weed control ratings were collected 7, 14, 28, 42,
and 56 days after the late POST. Yield data were collected at harvest and used to determine the
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most effective application method for season long weed control. Data indicated that non-required
adjuvants did effect weed control, in that weed control was decreased. However, yield data did
not show an effect from adjuvants. Our data indicates that among nozzles and pressures tested,
all resulted in similar weed control and yield. Growers should make spray applications in a
timely manner with a nozzle and pressure combination that the applicator is comfortable with to
prevent errors and weed escapes, which is imperative with the growing amount of weed
resistance in the United States.
Introduction
There are an increasing number of nozzle types and application methods available to
farmers. The increase in number of technologies and the associated herbicide drift has also
affected the nozzles used in herbicide applications in recent years. Drift complaints have
encouraged the use of nozzles that are considered drift reducing, often including nozzles with
air-induction technology (Dorr et al., 2013; Ferguson et al., 2018). Air-induction nozzles often
contain a pre-orifice chamber to restrict flow and drop inner pressure within the nozzle, a process
called the Venturi effect. When the drop-in pressure occurs in air-induction nozzles, this creates
a negative pressure where air particles are incorporated into the spray droplets, thereby
increasing droplet size (Ferguson et al., 2018). This is beneficial when operating at higher
pressures (Sikkema et al., 2008), as higher pressures decrease droplet sizes. The nozzle type and
application pressure has shown to affect herbicide efficacy (Mckinlay et al., 1974; Ramsdale and
Messersmith, 2001; Carter et al., 2017). Studies have shown that contact herbicides are more
efficacious with finer droplets, additionally grass control decreases with larger droplets (Carter et
al., 2017). Producers must use a nozzle that is most effective for the herbicide that is being
applied, and the target species to be controlled. Flat fan nozzles are known for their ability to
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apply even coverage and produce small droplets, droplets that are more prone to moving offtarget (Hewitt, 1997). Droplets with the greatest drift potential are those with diameters smaller
than 150 µm (Bypass and Lake, 1977; Grover et al, 1978; Ferguson et al., 2016). There have
been many nozzle designs developed to produce coarse droplets that provide coverage necessary
to maintain control of target species (Sikkema et al., 2008). This need has led to the development
of dual-fan nozzles to improve precision coverage with applications (Ferguson et al., 2016).
Studies have found that dual-fan nozzles improved coverage in comparison to single-fan nozzles
(Ferguson et al., 2018), but few differences were seen between single and dual-fan nozzles for
grass control (Derksen et al., 2008; Hanna et al., 2009; Ozkan et al., 2012; Ferguson et al., 2018).
Nozzle type did not affect overall weed control when multiple active ingredients were included
in treatments (Carter et al., 2017). Dual-fan nozzles are in either a symmetrical or asymmetrical
design. The symmetrical dual fan nozzles have identical 30° angled fans, where asymmetrical
dual fan nozzles have fans with non-identical angles. Asymmetrical dual fan nozzles are
recommended to alternate in orientation on a spray boom. The orientation lends itself for
maximum coverage, by creating four different spray patterns during application (Anonymous,
2020). Nozzle choice and application pressure directly affect coverage and herbicide
performance (Carter et al., 2017). This can also affect the ability of the herbicide to penetrate the
crop canopy to the target species. Peanuts have a dense canopy that is low to the ground, dual fan
nozzles have shown the ability to increase deposition into peanut canopies. The first fan breaks
the canopy, then the second fan follows depositing droplets to the lower portion of the crop (Zhu
et al., 2004). Adjuvants have been shown to affect droplet formation and influence herbicide
efficacy (Grichar et al., 2018). Adjuvants modify the physical or chemical characteristics of a
herbicide mix, which affects its ability to cover the application target and can make them ‘stick’
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to application surfaces (Green and Beestman, 2007; Grichar et al., 2018). Non-ionic surfactant
adjuvants reduce the surface tension, increasing the surface area that a droplet can cover (Curran
and Lingenfelter, 2009). The reduction in surface tension helps to keep spray droplets from
rolling off the target leaf surface (Green and Beestman, 2007). This could improve efficacy for
herbicides as it is more area of contact, which could lead to better foliage penetration. The
purpose of these studies was to observe the effects that nozzle type, application pressure, and
adjuvant have on the weed control and peanut yield when used with a season long herbicide
program.
Materials and Methods
2018
A field study was conducted at the Mississippi State University, RR Foil Plant Science
Research Center near Starkville, Mississippi. Plots were two rows by 15 meters, planted with
Georgia 06G on May 22, 2018. The planting population was 20 seeds per meter. Applications
occurred at three timings: PRE, at-cracking, and late POST. Treatments were made using a two
nozzle, tractor mounted boom with a spacing of 48 cm. The treatments were built from one
season long herbicide program, applied with either one of two adjuvants or none (Table 3.1), and
applied using one of four nozzle types, at two different operating pressures. The two adjuvants
included were non-ionic surfactants, Accudrop and Permeate – both of which are not required by
the labels to be used (I believe one or both of these are more than just and NIS). Across both
years of the study, all recommended adjuvants were added to all POST treatments. The study
was set up in a randomized complete block design with four replications. The spray nozzles
evaluated were: AIXR 110002 (Teejet Inc. Wheaton, IL) ULD 12002 (Pentair-Hypro, New
Brighton, MN), AULDC 11002 (Pentair-Hypro, New Brighton, MN), and TADF 11002
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(Greenleaf Technologies, Covington, LA) applied at both 276 kPa (40 PSI) and 552 kPa (80
PSI). The 80 PSI pressure was selected due to common grower practice for peanut weed control
in Mississippi. Overall weed control ratings were taken 7, 14, 28, 42, and 56 days after the final
POST treatments. Yield data were collected at harvest. The peanuts at Starkville, MS were dug
October 24, 2018 and harvested November 28, 2018, due to receiving 16 cm of rain between
digging and harvest. All data were analyzed using R Studio (Version 1.2.1578), through
ANOVA with percent weed control means and yield means separated using Fisher’s protected
LSD where significance was observed (alpha = 0.05). The main effects tested were nozzle type,
application pressure and the use of adjuvants. The weed control results below are from the 28
day after the POST application ratings.
Table 3.1

Herbicide program for application method study at Starkville, MS in 2018.
Herbicide Treatmentsa

Rate (g ai/ae ha-1)

PRE

pendimethalin fbb

1065

At-cracking

paraquat
+
pyroxasulfone
+
COC fb

280
+
110
+
1%v/v

POST

2,4-DB
+
clethodim
+
acifluorfen
+
COC

280
+
136
+
420
+
1% v/v

a Herbicide programs were the same but included Accudrop or Permeate for treatments with
adjuvants.
b fb; followed by
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2019
Using the data from the previous study, a field study was conducted at the Mississippi
Agricultural and Forestry Experiment Station (MAFES) Coastal Plains Research Station near
Newton, MS. The plots were planted with Georgia 06G at 20 seeds per meter on May 7, 2019
and were 2 rows by 15 meters with four replications in a randomized complete block design.
Herbicide applications were applied PRE (May 7), at-cracking (June 13), and late POST (July
24) using a single herbicide program for all treatments (Table 3.2). Treatments were made from
six different nozzle types and three different operating pressures. The spray nozzles evaluated
were single fan (AIXR 11002 and ULD 12002), symmetrical dual fan (GAT 11002 (PentairHypro, New Brighton, MN) and TTI60 11002 (TeeJet Inc, Wheaton, IL)), and asymmetrical dual
fan (TADF 11002 and AULDC 12002). Based on the results observed in the previous study, a
third application pressure was added for the pressures to be 276 kPa (40 PSI), 414 kPa (60 PSI),
and 552 kPa (80 PSI). Treatments were made using a two nozzle, tractor mounted boom with a
spacing of 48 cm. Weed control ratings were taken 7, 14, 28, 42, and 56 days after the final
POST application. Ratings included those for grasses, sedges, broadleaves, and overall control.
Peanuts at Newton, MS were harvested October 28, 2019. Yield data were collected at harvest.
All data were analyzed using R Studio (Version 1.2.1578) ran through ANOVA with percent
weed control means and yield means separated by Fisher’s protected LSD to denote where
significance was observed (alpha = 0.05), the factors that were analyzed were the effects of
nozzle type and application pressure. The data shown below is the weed control ratings at 28
days after the final POST application, due to looking at an entire herbicide program rather than a
single application, and yield data after harvest.
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Table 3.2

Herbicide program for application method study at Newton, MS in 2019

PRE

At-cracking

POST

Herbicide

Rate (g ai/ae ha-1)

diclosulam fba

27

paraquat
+
pyroxasulfone
+
bentazon
+
COC fb
2,4-DB
+
acifluorfen
+
clethodim
+
COC

280
+
110
+
473
+
1% v/v
280
+
420
+
136
+
1% v/v

afb; followed by
Results and Discussion
There was not a significant difference in weed control across all factors the first year, but
there was an interaction between nozzle type by adjuvant and pressure by adjuvant (Table 3.3).
The relationship between nozzle by adjuvant shows that the AIXR with Accudrop (At an average
of 82%) decreased weed control from all other nozzle by adjuvant combinations. The other
combinations ranged from 90% to 95% control. The relationship between adjuvant and pressure
showed that 276 kPa with Accudrop decreased weed control (At an average of 87%). This
explains the results from analyzing the data as an RCB, where the treatment that decreased weed
control was AIXR at 276 kPa with Accudrop at 78% (Figure 3.1). When looking at the factors
individually, there were no differences in treatments with the different adjuvants and without
adjuvants. In 2018, there were no differences in yield between treatments (Figure 3.2).
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The weed control program used in the second-year was very effective with the lowest control
90%. There were no differences in overall weed control based on factors (Figure 3.3). However,
grass control alone data indicated differences in control comparing nozzle by pressure. The
GAT nozzle at 552 kPa (90%) decreased grass control compared to the GAT at 276 kPa (At
96%). The AIXR at 276 and 552 kPa (97% and 98%) improved grass control in comparison to
the AIXR at 414 kPa (91%). The TTI60 at 414 kPa had decreased weed control (92%) in
comparison to the TTI60 at 276 and 552 kPa (both 97%). More work will need to be done to
determine the reason for the reduction of control at 60 PSI, or this is due to the variability that
can occur between plots across a field. The AULDC at 60 PSI (99%) had increased grass control
from the AULDC at 552 kPa (94%). There were no differences however with nozzle type and
pressure individually. When comparing across factors there were no differences in broadleaf
weed control or yield (Figure 3.4)
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Figure 3.1

a

Weed control 28 DATb from a study investigating the effects of application
methods based on operating pressures, nozzle types, and use of adjuvants at
Starkville, MS in 2018.

a

Means separated using Fisher’s protected LSD (α = 0.05), with different letters denoting that
means are significantly different from each other.
b
DAT refers to days after the final POST treatment.
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Table 3.3

a

ANOVA table for weed control 28 DAT for study investigating effects of
application pressure, nozzle type, and use of non-required adjuvants on weed
control in peanut at Starkville, MS in 2018.
Source

Degrees of Freedom

P-value

Block

3

0.008

Nozzle

4

< 0.001

Pressure

1

0.009

Adjuvant

2

0.117

Nozzle*Pressure

3

0.489

Nozzle*Adjuvant

6

< 0.001

Pressure*Adjuvant

2

0.005

Nozzle*Pressure*Adjuvant

6

0.826

Error

67
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Figure 3.2

a

Yield results from a study conducted in 2018 at Starkville, MS to determine the
effects of application methods of different nozzle types at different application
pressures and the use of non-required adjuvants.

a

Means separated using Fisher’s protected LSD (α = 0.05), with different letters denoting that
means are significantly different from each other.
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Table 3.4

ANOVA table for yield results of study conducted in 2018 at Starkville, MS
observing effects nozzle type, operating pressure, and non-required adjuvants on
the application of a season long herbicide program.
Source

Degrees of Freedom

P-value

Block

3

0.588

Nozzle

4

0.081

Pressure

1

0.821

Adjuvant

2

0.256

Nozzle*Pressure

3

0.907

Nozzle*Adjuvant

6

0.989

Pressure*Adjuvant

2

0.519

Nozzle*Pressure*Adjuvant

6

0.994

Error

70
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Figure 3.3

a

Weed control ratings 28 DATb from a study conducted in 2019 at Newton, MS to
determine the effects of nozzle type and application pressure on weed control from
a season long herbicide program.

a

Means separated using Fisher’s protected LSD (α = 0.05), with different letters denoting that
means are significantly different from each other.
b
DAT refers to days after final POST treatment.

Table 3.5

a

ANOVA table for weed control at 28 DAT from 2019 application method study
in Newton, MS.
Source

Degrees of Freedom

P-value

Block

3

0.119

Nozzle

5

0.505

Pressure

2

0.066

Nozzle*Pressure

10

0.402

Error

46
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Figure 3.4

a

Yield from a study conducted in 2019 at Newton, MS to determine the effects of
nozzle type and application pressure on weed control from a season long herbicide
program.

a

Means separated using Fisher’s protected LSD (α = 0.05), with different letters denoting that
means are significantly different from each other.

Table 3.6

ANOVA for yield of a study conducted at Newton, MS in 2019 to determine
effects of nozzle type and application pressure for season long herbicide program.
Source

Degrees of Freedom

P-value

Block

3

0.376

Nozzle

5

0.701

Pressure

2

0.801

Nozzle*Pressure

10

0.448

Error

50
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Conclusion
Overall weed control programs were highly effective. The first year when looking at the
effect nozzle type had on weed control, the AIXR at 40 PSI with Accudrop resulted in decreased
weed control. The second year there were no differences in overall weed control based on
factors. However, there were differences in grass control when looking at the nozzle by pressure
interaction, but there were no differences between individual factors. When looking at the
adjuvants in the first-year it was found that non-required adjuvants did not improve weed
control. It would always be best practice to use adjuvants required or recommended by the label
like using crop oil concentrate with paraquat or clethodim. Yield the first year was highly
variable due to harvest issues. The weather after digging was wet and cold, which leads to pod
losses and yield reductions (Grichar et al., 2005). The second-year there were no differences in
yield across any of the factors. Growers should make applications in a timely manner with the
nozzle type and pressure that is safest and least likely to cause misapplication.
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CHAPTER IV
MEASURING THE COVERAGE AND DROPLET DENSITY OF NOZZLES USED IN THE
TRACTOR TRIAL
Abstract
Nozzle selection is an important factor in spray applications, with the droplet size that a
nozzle produces being the leading factor in that selection (Jahn and Bode, 1988; Ozkan et al.,
2012; Creech et al., 2015). Often pressure is manipulated to change droplet sizes produced by
nozzles, with higher pressures decreasing droplet size and lower pressures increasing droplet size
(Ramsdale and Messersmith, 2001). Two separate studies were conducted at the Mississippi
Agricultural and Forestry Experiment Station (MAFES) R.R. Foil Plant and Soil Science
Research Station, Starkville, MS. The first study tested the AIXR 11002, ULD 12002, AULDC
11002, and TADF 11002, at 40 and 80 PSI, used in the 2018 growing season (Chapter III). This
study used a blue dye solution sprayed across Kromekote® cards in a research track sprayer to
determine the percent coverage of each nozzle at each pressure. The second study used laser
imaging analysis to determine the droplet size of each nozzle at each pressure that was used in
the 2019 growing season. The nozzles tested were the AIXR 11002, ULD 12002, AULDC
11002, TADF 11002, GAT 11002, and TTI60 11002 at 40, 60, and 80 PSI.
Introduction
For decades there has been an interest in understanding and measuring the effect that
nozzle type and application methods have on droplet size (Tate and Janssen, 1966; Jahn and
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Bode, 1988; Bouse et al, 1990). Droplet size studies have shown effects on herbicide efficacy in
controlling weeds, and data has shown an increase in control with the production of smaller
droplets (Mckinlay et al., 1974; Etheridge et al., 2001; Ramsdale and Messersmith, 2001; Carter
et al., 2017). There have been many studies to determine droplet size, and the most common
form of analysis involves the use of laser diffraction or laser imaging (Tate and Janssen, 1966;
Jahn and Bode, 1988; Murphy et al., 2004; Kashdan et al, 2004; Dorr et al., 2015). Laser
diffraction, which measures the scattering of light as a laser passes through a particle, is a
common method of measuring droplet distribution (Dorr et al., 2013). However, with the
increase of twin fan and air inclusion nozzles there have been difficulties with measurements
(Murphy et al., 2004). Air inclusion nozzles use the Venturi process to lower the pressure within
a pre-orifice chamber, where flow is restricted. The inclusion of air happens here, which leads to
an increase in droplet size (Ferguson et al., 2018). The laser imaging systems use digital images,
captured at high speeds, to measure droplets based on the number of pixels a droplet is made of.
This allows the system measure droplets that are not spherical, and the images allow one to
visually see the air within a droplet (Murphy et al., 2004). The objectives of these studies were to
determine the coverage achieved and droplet size produced from the nozzles used within the
nozzle study (Chapter III), and the effect of the operating pressures used.
Materials and Methods
Spray Card Study
A study to quantify spray coverage of the nozzles used in year 1 (Chapter III) was
conducted on September 26, 2018 in a two-nozzle research track sprayer (DeVries
Manufacturing Inc. Generation IV Sprayer, Hollandale, MN) at the MAFES R.R. Foil Plant
Science Research Center, Starkville, MS. The spray chamber was used to apply a solution of
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water plus 0.4 g/L-1 Brilliant Blue Dye (Diamond Food Dyes, Menlo Park, CA) over
Kromekote® cards. Applications were made using 140 L ha-1 (15 gal ac-1) and 276 kPa (40 PSI)
or 552 kPa (80 PSI) pressure for each nozzle. The nozzles tested were the AIXR 11002, ULD
12002, AULDC 11002, and TADF 11002. At each pressure there were four Kromekote® cards
per each nozzle. After application the cards were air dried. They were then scanned into a JPG
format using a Copystar® CS4002i printer. Images were analyzed by Image J software, using the
methodology as described by Ferguson et al. (2016) (Rasband, 2008). Images were cropped to
remove background space and converted into 8-bit grayscale format. After which, images were
converted into a binary black and white format, to analyze the percent coverage from the
solution. Coverage was determined as a percent covered from the number of pixels that the
droplets were from the total image. These percentages are displayed in a table format below
(Table 4.1).
Laser Imaging Study
A study was conducted November 22, 2019 using a research track sprayer (Series IV
Research Track Sprayer, De Vries Manufacturing, Hollandale, MN) at the MAFES R.R. Foil
Plant Science Research Center. A laser imaging system (VisiSize P15, Oxford Lasers, Didcot,
UK) was used to droplet size and classify the nozzles used in the nozzle study (Chapter III) over
both years. Classification was based on ASABE S572.2 standard for Spray Nozzle Classification
by Droplet Spectra (Anonymous, 2018). The nozzles tested were AIXR 11002, ULD 12002,
AULDC 11002, TADF 11002, GAT 11002, and TTI60 11002. The reference nozzles from the
ASABE S572.2 standard for droplet measurement were also tested at the pressures mandated.
The reference nozzles allow for comparison to classify the nozzles at each pressure used in the
study. Applications were made with water only. Measurements were taken of each nozzle at the
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different operating pressures of 276 kPa (40 PSI), 414 kPa (60 PSI), and 552 kPa (80 PSI). The
laser imaging system analyzed droplet size, measuring the volume of droplet diameter in Dv0.1,
Dv0.5, and Dv0.9. The Dv0.1, Dv0.5, and Dv0.9 are volumetric spray classifications where droplets are
defined in sizes for the 10, 50, and 90th percentile of the spray. In other word the Dv0.5 is the
volumetric median droplet size and 50% of the droplets are smaller and 50% larger than this
diameter. The laser system was positioned 50 cm below the nozzle, this allowed for the full
break-up of the sheet to occur. The nozzle traversed across the spray track, with measurements of
the spray pattern occurring over 7 seconds. Droplet size measurements were replicated to provide
three measurements within ± 3% of the mean of the Dv0.5, a standard operating procedure used in
the lab for this type of study. Nozzles were classified based on the average of the three Dv0.5
measurements collected.
Results and Discussion
Spray Card Study
The highest coverage was obtained by the AIXR 110002 nozzle, but with an increase in
pressure there is a drop in the percent coverage for this nozzle. This may be because, as pressure
increases droplet size decreases, which means that the smaller droplets take longer to settle after
application. Air movement influences droplet movement and velocity, the more air movement
the higher the chance for droplets to travel farther. When operating at a higher pressure,
application speed must be increased, which would increase air movement on the spray. (Hoffman
et al., 2014) This could cause the smaller droplets to move past the spray card area and explain
the decrease coverage from the AIXR nozzle. In the other three nozzles tested, with the increase
in pressure from 276 kPa (40 psi) to 552 kPa (80 psi) there is an increase in the percent coverage,
which may be a result from smaller droplets being produced at the higher pressure. The single
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fan nozzles, AIXR and ULD, showed increased coverage compared to the dual fan nozzles, like
the AULDC and TADF. The change in percent coverage was between 4% and 13%, with the
largest change occurring in the TADF nozzle.
Table 4.1

Response to spray coverage analysis from Kromekote card study in 2018 at
Starkville, MS.
Nozzle

Pressure (kPa)

Coverage (%)

AIXR

276

73.90

AIXR

552

68.57

AULDC

276

36.16

AULDC

552

42.05

TADF

276

35.95

TADF

552

48.39

ULD

276

55.98

ULD

552

60.34

64

Figure 4.1

a

Kromekote® cards sprayed with blue dye solution.

a

These cards were analyzed using Image J software for percent coverage (Table 4.1).
Top left: AIXR 11002 at 276 kPa (74%), Top right: AIXR 11002 at 552 kPa (68%), Bottom left:
TADF 11002 at 276 kPa (34%), and Bottom right: TADF 11002 at 552 kPa (48%).

Laser Imaging Study
The droplet size classification results from the laser analysis was based on the average of
Dv0.5 for each nozzle at each of the operating pressures. The nozzles were placed in comparison
to the reference nozzles that were also analyzed (Figure 4.2). The TADF 11002 has two nozzle
flow rate tips, that are asymmetrically oriented on the nozzle body. One of the tips is a 11001 and
the other is an 8003. The TADF tip that is an 01 flow rate at 40 PSI, was classified as a medium
spray Dv0.5s ranging from 215µm to 277µm. The TADF 03 tip was classified as a Coarse and
Extremely-Coarse spray. At 80 and 60 PSI, the TADF 03 tip measured 322µm and 328µm. At 40
PSI the TADF 03 was Extremely-Coarse with a Dv0.5 of 465µm. The AIXR and GAT nozzles
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produced medium droplets at all operating pressures with ranges of 258µm to 293µm and 224µm
to 292µm. As pressure decreased the droplet size increased with both nozzles. The ULD nozzle
fell within the classifications of Coarse and Very-Coarse. At 60 PSI, the ULD had a Dv0.5 that
measured an average of 341µm, which is coarse. At 40 and 80 PSI, it measured an average of
374µm and 377µm being very coarse. A ULD nozzle is a flat fan nozzle, that has twin inlets,
which can cause a change in flow within the nozzle. This could be the reason behind the decrease
in droplet classification at 60 PSI, as nozzles like the GAT and AIXR have one inlet and are
within the same classification and as pressure decreased droplet size increased (Figure 4.1). The
TTI60 nozzle at 80 PSI had a Dv0.5 of 353µm, which is a coarse spray. At 60 and 40 PSI the
TTI60 had an Extremely-Coarse classification at Dv0.5s of 471µm and 537µm. The AULDC had a
Dv0.5 range of 500µm to 688µm which fell in the Extremely-Coarse classification for all
pressures, as pressure decreased droplet size increased.

Figure 4.2

Single inlet vs. Twin inlets.

On the left GAT with single inlet (not the 02 from study) and on the right a ULD with twin inlet.
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Reference Droplet Size (µm)
900
800
Droplet Size

700
600
500
400
300
200
100
0
Dv 0.1
VF/F
Figure 4.3

F/M

Dv 0.5
M/C

C/VC

Dv 0.9
VC/XC

XC/UC

a

Droplet sizes from reference nozzles analyzed in 2019 at Starkville, MS based on
ASABE S572.2 Standard

a

Droplet size data collected using laser imaging analysis, based on the ASABE S572.2 Standard.
This figure was used to classify droplet size nozzles in Table 4.2.
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Table 4.2

Classification of each nozzle at each pressure from application method study in
Newton, MS in 2019 based on laser analysis at Starkville, MS and classification
from ASABE S572.2 Standard.
Pressure

Dv0.5

(kPa)

(µm)

11001

450

134

VF/F

11003

300

207

F/M

TADF 11002 01

552

215

M

GAT 11002

552

224

M

TADF 11002 01

414

242

M

GAT 11002

414

258

M

AIXR 11002

414

258

M

TADF 11002 01

276

268

M

AIXR 11002

552

277

M

GAT 11002

276

292

M

AIXR 11002

276

293

M

11006

200

318

M/C

TADF 11002 03

552

322

C

TADF 11002 03

414

328

C

ULD 12002

414

341

C

TTI60 11002

552

353

C

8008

250

354

C/VC

ULD 12002

276

374

VC

ULD 12002

552

377

VC

Nozzle
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Classification

Table 4.2 (continued)
Pressure

Dv0.5

(kPa)

(µm)

6510

200

460

VC/XC

TADF 11002 03

276

465

XC

TTI60 11002

414

471

XC

AULDC 11002

552

500

XC

AULDC 11002

414

537

XC

TTI60 11002

276

537

XC

AULDC 11002

276

688

XC

6515

150

713

UC

Nozzle

a

Classification

Classification based on average Dv0.5 of three analysis with laser imager.
Conclusion
Understanding droplet size is important for herbicide applications. Smaller droplets have

been found to increase overall coverage, which can lead to increased weed control (Ramsdale
and Messersmith, 2001; Carter et al., 2017). These studies were conducted to determine the
percent coverage and droplet size of each of the nozzles and pressures used over the two growing
seasons (Chapter III). The results showed that the AIXR had a higher percent coverage than the
other nozzles, and that the coverage decreased at the higher pressure. The ULD, AULDC, and
TADF had an increase in coverage as pressure increased. The results of the droplet sizing data
show that the AIXR, GAT, and one orifice of the TADF produce medium droplets at all three of
the pressures used. The AULDC produced extremely coarse droplets at all three pressures. The
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other nozzles all ranged from coarse to extremely coarse, as pressure decreased droplet size
increased.
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